Purpose There is relatively little information available about the long-term results of total knee arthroplasty (TKA) following high tibial osteotomy. The aim of our study was to share our experiences and long-term results of TKA after a previous closing wedge high tibial osteotomy according to Wagner. Methods In a retrospective study we identified 48 consecutive patients who had undergone TKA after a previous closing wedge high tibial osteotomy according to Wagner with a follow-up of over ten years. The average duration of follow-up after the TKA was 13.3 years (min 10.0, max 15.5). X-rays were taken in two planes before TKA, one week after TKA and at the latest follow-up. Tibiofemoral alignment was measured on weightbearing long-leg anteroposterior radiographs. Radiolucent lines at the latest follow-up were documented. Functional evaluations were performed preoperatively and postoperatively (at the time of latest follow-up).
Introduction
Osteotomies around the knee for the purpose of unloading the affected compartment and correction of the underlying deformity are a well recognised treatment alternative for symptomatic osteoarthritis of the knee in active patients [1] . Medial unicompartmental osteoarthritis of the knee is a common clinical problem. In the active patient with a life expectancy of 20 years or more a high tibia osteotomy (HTO) is a generally accepted treatment that can result in excellent pain relief and functional improvement. However, results seem to deteriorate over time and an overall failure rate of 24% at ten years has been reported [2] . There have been conflicting results reported in the literature concerning the results of total knee arthroplasty (TKA) done after previous HTO [3] . Cameron et al. [4] reported 17.5% poor results in 131 knee arthroplasties done after failed HTO at two to 15 years follow-up and an overall complication rate of 11.2%. Bae et al. [5] published excellent and good results in TKA following closed wedge HTO. Kazakos et al. [6] came to the conclusion that good or excellent results at an average follow-up of 4.5 years suggests that HTO does not have a significant negative effect on later TKA. There is little information available about long-term results of TKA following HTO. The aim of our study is to show long-term results of TKA after a previous closing wedge high tibial osteotomy using Wagner's technique [7, 8] .
Material and methods
In a retrospective study we identified 48 consecutive patients who had undergone TKA after a previous closing wedge high tibial osteotomy according to Wagner with a follow-up of over ten years. The average duration of follow-up after the TKA was 13.3 years (min 10.0, max 15.5). There were 14 men and 34 women who had a mean age of 61.0 years (min 25.5, max 77.7) at the time of the TKA. Twenty right knees and 28 left knees were operated upon. TKA was performed at an average of 10.8 years (min 3.5, max 36.9) after the HTO. The average height of the patients was 163.5 cm (min 135, max 184), and the average weight was 79.6 kg (min 60, max 105).
According to Kellgren and Lawrence [9] , 22 knees had osteoarthritis grade 3 and 26 knees had grade 4 before TKA.
Prostheses included seven FS Knees (Protek, Switzerland, now Zimmer, Warsaw, Indiana, USA) and 41 PFC prostheses (DePuy, Johnson and Johnson, Warsaw, Indiana, USA).
All procedures were performed in an ultra-clean-air theatre (with antibiotic prophylaxis). During their stay in hospital, all patients were treated with low molecular weight Heparin and compression stockings as a prophylaxis against deep vein thrombosis. For the duration of six weeks, partial weight bearing of 20 kg with elbow crutches was required.
X-rays were taken in two planes before TKA, one week after TKA and at latest follow-up. Tibio-femoral alignment was measured on weightbearing long-leg anteroposterior radiographs. Radiolucent lines at latest follow-up were documented according to the Knee Society total knee arthroplasty roentgenographic evaluation system [10] . Functional evaluations were performed preoperatively and postoperatively at the time of follow-up using the 200-point system of the Knee Society [11] .
Results
Mean range of motion was extension/flexion 0/6 to 97°p reoperatively and improved to extension / flexion 0/0 to 100°postoperatively. Postoperative complications included anterior knee pain due to patellofemoral dysfunction in one case, requiring open lateral release, arthrofibrosis in two cases, which was treated conservatively by intensive physiotherapy.
The mean average femoro-tibial angle was corrected from varus 0.8°(varus 14°-valgus 8.0°) preoperatively to valgus 7.6°(valgus 2-9°) at the last follow-up. At latest follow-up mean femoral angle α was 96.3°(min 89, max 104). Mean tibial angle β was 90.0°(min 85, max 96). Mean femoral flexion angle γ was 3.7°(min 1, max 7). Mean tibial angle δ was 88°(min −3, max 8).
Radiolucent lines according to the Knee Society total knee arthroplasty roentgenographic evaluation system are shown in Table 1 . Figure 1 represents the postoperative 11.5-year course of a PFC prostheses following high tibial osteotomy according to Wagner. Time between TKA and HTO was 26 years. Figure 2 shows the postoperative ten year follow-up of a PFC prostheses following high tibial osteotomy according to Wagner. Time between TKA and HTO was 13 years.
Discussion
Proximal tibial osteotomy is a well-accepted treatment of medial unicompartimental osteoarthritis of the knee with varus malalignment in young and active patients [2] . Its Table 1 Radiolucent lines according to the Knee Society total knee arthroplasty roentgenographic evaluation and scoring system [10] Anteroposterior (AP) view of the tibial component rationale is based on the transference of load stresses from the medial region of the degenerated knee to the healthy side [12] . When patients have been appropriately selected, most clinical studies show high percentage of satisfactory results in the short term. However, with longer follow-up, progressive arthritic deterioration may develop, requiring conversion to TKA [2, 12] . In our study osteotomy delayed total knee replacement by an average of 10.8 years. To our knowledge we are the first group to present long-term results of total knee arthroplasty following high tibial osteotomy using Wagner's technique. Windsor et al. [13] reported a lower rate of satisfactory results and increased difficulty in exposing the knee due to the presence of a low patella after tibial osteotomy, which reached 80% in their series. Alterations related to patella height seem to be linked to the surgical technique. A higher rate of low patella was observed after medial opening wedge osteotomy in comparison with lateral subtraction osteotomy [13] . High tibial osteotomy by Wagner's technique is a closing wedge procedure, which might explain why we did not have any difficulties during TKA. The osteotomy according to Wagner is performed below the tibial tuberosity, which means that there are no problems concerning patella height. Nevertheless, we had to revise one case with anterior knee pain. In this case no patella infera or alta could be detected but there was lateralisation of the dysplastic patella. After open lateral release the patient was satisfied.
To date no revision has necessary for septic or aseptic loosening. Nevertheless, our TKA have to be followed-up carefully with respect to numerous radiolucent lines, which have not progressed so far. In principle we accept the views of Madan et al. [3] that post high tibial osteotomy knee arthroplasty is a technically demanding operation with altered anatomy and significant balancing problems if, for example, a dome shaped osteotomy has been performed. Using the closing wedge osteotomy according to Wagner we found no difficulties in TKA as the anatomy of the proximal tibia is not altered using this osteotomy.
Amendola et al. [12] published satisfactory results of total knee arthroplasty after proximal tibial osteotomy in 96.5% of cases over a mean follow-up of 97 months. We had comparable results after a mean of over 13 years. Compared with primary knee arthroplasty without previous HTO, Amendola et al. [12] found no significant difference in clinical and radiological results apart from a greater rate Fig. 2 The anteroposterior (AP) X-ray (a) and lateral X-ray (b) of the left knee of a 71-year-old female patient shows a severe osteoarthritis of the knee after a previous HTO 13 years previously. c and d The Xray examination one week after surgery shows the implantation of a PFC Knee prosthesis. e and f On the AP and the lateral X-ray (d) after 10.0 years no radiolucencies can be detected Fig. 1 The antero-posterior (AP) X-ray (a) and lateral X-ray (b) of the left knee of a 68-year-old female patient shows a severe osteoarthritis of the knee after a previous HTO. c and d The X-ray examination one week after surgery shows the implantation of a PFC Knee prosthesis. On the AP (e) and the lateral X-ray (f) after 11.5 years no radiolucencies can be detected of anterior knee pain and revision for secondary resurfacing of the patella in the patients with previous HTO. On the other hand he mentioned that the surgical approach could be more difficult and required the skill of experienced surgeons with respect to scars and former soft tissue approaches to HTO especially using closing lateral techniques. These problems are evident if removal of fixation devices are performed during TKA. In general we perform removal of the plates one or two years after HTO and have a long interval before the TKA. Bae et al. [5] recently published good or excellent results at an average follow-up of 4.7 years after total knee arthroplasty following closed wedge high tibial osteotomy in 16 cases.
Our study has some limitations as it is a retrospective study and the number of patients is small. However, we have presented the long-term results and the patients of this study had good or excellent results at an average follow-up of 13.3 years. This suggests that HTO does not have a clinically significant negative effect on later TKA.
